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Period of Migration
The primary target species are typically present from July to October. The operating schedule of the
system may need to be adjusted to accommodate ESA or other permitting requirements.

Population Abundance and System Capacity
There is uncertainty regarding the numbers of fish expected, however it is reasonable to assume that
the number of fish that need transported will increase as the program grows.

At Wells Dam, the next dam downstream of Chief Joseph the daily counts for summer Chinook
typically max out at about 2,000 per day, whereas Sockeye can sometimes approach 30,000 per day
(data available in DART2). Theoretical maximum capacities are presented in this document for the
solution being contemplated and are provided for illustration only. We anticipate that it would be
many years into a successful reintroduction before larger capacities would be needed for these
systems. If larger capacity is required, accommodations are possible, however future amendment to
this document with capacity specification defined is recommended. Because the Whooshh system is
both relatively inexpensive and modular, additional capacity is relatively easy to bring on-line at an
existing installation as needed.

6. Formulation and Description of Passage Concepts
Whooshh Innovations has developed technologies and products over the past decade that have
been adapted from prior innovations in agriculture and fish processing to provide transport solutions
for live fish over distances of as much as 1700 feet and over barriers exceeding 650 feet. The
technology and products have undergone extensive testing throughout the Pacific Northwest and
Northeast of the United States on live fish species ranging from salmon and steelhead to shad and
sturgeon. Results show no significant injury or mortality as a result of transport through the Whooshh
system, and performance equivalent to, or better than, trap and haul. Example projects and testing
results can be found at www.whooshh.com/studies.html .

Recently the Company's Passage Portal system was deployed by Fisheries and Oceans Canada on
the Fraser River at the Big Bar rockslide, where several thousand Sockeye and Chinook were safely
and volitionally transported past the slide. Data resulting from numerous studies and deployments
show that fish passage through the Whooshh systems can be done safely3,4 and can accommodate
a more rapid deployment timeline than other traditional fish passage technologies. It can also be
scaled to large volumes more easily than equipment intensive operations like trap and haul. The
core technology is also being used successfully to move live fish at hatcheries and aquaculture
facilities around the world.

In general, the Whooshh Passage Portal system consists of a flexible Migrator tube that is

connected to an air pump. In the tube, a pressure differential of about 1 -2 PSI is induced between
the front and the back of the fish, thereby gently pushing the fish through the tube. Once in the tube,
fish travel at a speed of approximately 25 feet per second and exit the tube directly into the desired
body of water upstream of the passage barrier. Misters located within the tube keep the inside
surface of the tube wet and relatively frictionless. As fish are transported, they are travelling with a

bolus of water that is created by the water emitted by the misters in front of the fish; the result is a
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simple glide through the tube with no measurable loss of slime or scale or any other physical
damage to the fish. In addition, studies have shown no significant stress impact on the fish.3

The system is designed to handle a number of different species. Whooshh has considerable
experience transporting a variety of fish species. Each Migrator tube is designed to handle a range
of fish sizes. For the initial target fish, Chinook, a minimum of three tube sizes are recommended.
This will ensure passage of the vast majority of adult and jack Chinook. A smaller tube may be
required for Sockeye fish passage. Therefore, a WPP three tube minimum system is being
recommended, however precise configuration requirements will need to be assessed based on
customer provided size data.

As the scope of the project increases over time to accommodate other species, additional tubes and
supporting equipment can be added as modules to the existing baseline installation to accommodate
other sizes of fish and/or significant increases in the number of fish requiring passage. Precise size
ranges anticipated should be confirmed before installation as tubes are sized by girth of target
species, not by weight.

It is assumed that the outflow from the base of the dam is sufficient to attract migrating fish to the
approximate vicinity of the passage structures. A short fish ladder will need to be constructed to
connect the tailrace water at differing stage heights to the location above the high-water line where
the Whooshh fish transport system is to be installed. Water from the ladder plus possible auxiliary
supply will serve to provide attraction flow for the fish in the vicinity.

At the top of the ladder, there should be a gallery or pool. From there the fish will enter a short
perhaps (20'-30' in length) steeppass (provided by Whooshh) at the top of which is a flow box and
false weir. The false weir serves to partially dewater, and isolate each fish for transport. The partially
dewatered fish then slide down a wetted surface through a scanner (Whooshh Fi5hLTM Recognition)
that will be used to count, size, and image each fish and direct them through sorting gates to a

transport lane sized for that fish. Each lane comprises an accelerator which acts as an airlock that
introduces the fish to an appropriate diameter transport tube which safely conveys the fish to its
destination.

A high volume, low pressure blower will be used to provide temperature controlled air at the
accelerator entrance to facilitate loading of the fish into the transport tube(s). The tubes are
lubricated by a water spray introduced approximately every 6 feet along the tubes providing a wet,
smooth, relatively friction free envelope along which the fish glide via the air stream. Temperature
inside the MigratorTM tube is regulated through the system to minimize thermal stress on the fish.
Temperatures of the motive air and lubrication water are maintained at approximate tailrace water
values to minimize any thermal effects on the fish.

Instrumentation tracks the velocity of each fish being transported, and controls are used to
decelerate the fish to an appropriate speed for entry into the lake. At the distal end of the tube the
fish are directed through an appropriate re-entry device that delivers them safely and correctly
angled for reentry into the water at speeds typically below 20-25 feet per second. At the exit end, the
fish travel through the water to approximately 2 fish lengths within which they regain full control and
start swimming post transport. It is recommended that the fish exit into water that is a minimum of 3
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feet in depth, and that there are no obstacles in the water within 6-8 feet of the re-entry point. It is
anticipated that these requirements will be readily achieved at the sites being considered.

Ancillary components include several control cabinets, the air temperature control and blower
components, and communications for remote monitoring. The transport tubes are typically routed
using tensioned cables, hangers/carriers and towers.

Power and pumped or gravity fed water supply of 25-50cfs for the ladder will need to be provided
externally by the other project implementors (i.e., Tribe, dam owner/operator). An assumption is
being made that the 25-50cfs ladder flows will provide sufficient attraction to the passage structures
as contemplated because this is consistent with the Chief Joseph Hatchery ladder which is very
successful at attracting Chinook. More detailed design and calculation may be needed in this area
for whatever passage technology is ultimately installed, and is outside the scope of this document.
Note that this pumped water requirement is somewhat independent of a Whooshh implementation —

if the fish are to be traditionally trapped and transported past the dams, a similar configuration will
likely be needed.

A smaller quantity of water is required for lubrication of the transport tubes (50gpm, approx. 6.5 cfm
or 0.1cfs) and will also need to be provided by the other project implementers (Tribe, dam
owner/operators).. This water will need to conform to sediment load specifications and must be pre-

filtered to 5 micron maximum particle size.

Error! Reference source not found. summarizes the anticipated functional elements of the
preliminary proposed major design features for this concept.

Table 2. Summary of anticipated fish passage system functional elements

Project Element

Water pumps or gravity fed water supply

Entry ladder, vertical slot or similar

Entrance designed for adult salmonids

Flow box

False weir

Scanning system

Function and Intent

Provides water to ladder (approx. 25-50 cfs) and steep
pass and false weir (approx. 10 cfs), also serves to
provide lubrication water for tubes (approx 0.1 cfs)

Serves to absorb tailrace fluctuations and flows,
providing fish access to Whooshh Passage Portal

Steeppass fishway from top ladder gallery to flowbox and
false weir entry to Whooshh Passage Portal (WPP)

Integrates additional flow required for steeppass with
smaller volume of water coming over false weir.

Provides means to isolate and partially dewater fish prior
to transport

"FishL Recognition System" used to image each fish and
provide size, species and other information to WPP. A
pictoral record along with timestamp, sizing data and
disposition (transport or return to tailrace) is logged for
every individual fish and can be used for reporting
purposes.
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